Lead Lanthanum Titanate (PLT) thin films corresponding to 28 mol% of La were fabricated by metalorganic decompositon (MOD) process . The films were made from two solutions of different compositions. In the first case it was assumed that the single unbalanced positive charge of La3+ gives rise to A-site or Pb vacancies whereas the other solution assumed the creation of Bsite or titanium vacancies. Optical and electrical measurements indicated that the films made assuming B-site vacancies had better properties. It was also found from x-ray diffraction patterns that the films were cubic at room temperature. The films showed high resistivity and good permittivity values. The highest permittivity at room temperature was 1285. The resistivity values at room temperature were as high as 1012 ohm-cm.
INTRODUCTION
Increasing demand for miniaturization in the electronics industry has sparked a special interest in high dielectric constant materials. PLT materials owing to their very high dielectric constant in bulk form are among the most sought after candidates for the potential application in 64-and 256-Mb Dynamic Random Access Memories(DRAMs) among other applications. Also preparation and characterization of PLT in the thin film form makes it directly compatible for integration in the memory technology.
With the above mentioned motivation thin films of PLT were fabricated using metalorganic decomposition process. The MOD process offers several advantages such as low processing temperatures, close compositon control, ease of fabrication, relative inexpense, and greater homogeneity.
Because La3' has an ionic radius comparable to the Pbz-ions it occupies the comers or A-sites in the tetragonal perovskite structure of PbTiO,.* There are two possible ways of neutralizing the extra positive charge from the La addition--creation of the lead or titanium vacancies. The chemical formula for PLT can, therefore, be expressed in either of two forms depending on the type of vacancies :
In the present study, thin films were fabricated using both the formulae and their properties were compared.
EXPERIMENTAL PROCEDURE Solution Preparation
The precursors used to make the solution for PLT film fabrication were lead acetate trihydrate Pb(CH,C00),.3H20 from Fisher, aqueous solution of lanthanum acetate La(CH,COO), Molycorp, and titanium isopropoxide Ti(OCH(CH,),), from Fisher. Acetic acid and n-propanol were both used as the solvent and chemical 
Fabrication of Thin Films
Thin films were spin-coated on the substrates using a photoresist spinner (Headway Research Inc) at an rpm of 1500 for 30 seconds. Sapphire substrates were used for optical property characterization while PtTi/SiOZ!Si substrates were used for dielectric measurements. After coating the films were baked at 150C for 5 minutes to dry out the volatile organic medium. This cycle was repeated until the desired thickness was obtained. After the last coating, the films were dried for 15 minutes. The films were then annealed at elevated temperatures and their structure was studied. The heat treatment was always done in air for 30 minutes.
Characterization Procedure
The crystal structure of the films was characterized by x-ray diffraction. Scanning electron microscopy was used to study the microstructure. The thickness of the film was estimated by weight difference and also more accurately by the optical transmission spectra
The optical properties of the films deposited on sapphire were measured using a UV-VIS-hIR spectrophotometer (W-3 lOIPC, Shimadzu Corpn) The enbelope method was employed to calculate the refractire index and the thickness of the film '
For electrical measurements the films were spin coated on Pt.TilSiOZ.'Si and after appropriate heat treatment top electrodes of palladium \vert sputtered using vacuum evaporation. The area and thickness of the top electrode were Z . I X I O -~ cm? and 400 nm respectively. The dielectric constant and loss measurements were done using the HP4 l92A impedance analyzer. The time dependent dielectric breakdown study was done on the RT66A standardized ferroelectric tester.
RESULTS AND DISCUSSION

Crystal Structure
As mentioned in the introduction thin films were prepared assuming both A-and B-site vacancies. For convenience they will be referred to as type-A film and type-B film, respectively. The xray diffraction patterns for both films were very similar. The variation in the x-ray diffraction pattern as a function of annealing temperature for the type-A film is shown in Fig. 2 . The structure is single phase cubic with lattice parameter a = 3.924 A. Also before perovskite phase formation no other phases, such as the pyrochlore phase appeared. There was no change in the intensity of the diffraction peaks beyond 600C indicating that the perovskite phase formation completed somewhere between 550 and 600 C. The film surfaces do not show much morphological features Two typical SEhl micrographs are shown in Fig. 3 for films annealed at 600T for 30 minutes. Fig. 3 shows the structure of type-A film and as can be seen the film has small dark regions throughout the micrograph. This could be either due to porosity or the presence of amorphous phase. The micrograph of film-B in Fig. 3(b) shows w r y fine microstructure. Tjpical grain size for these films range from 0.1 micron to 0.7 micron. The larger regions on the film might be clustcrs of grains. Measurement of optical properties brought about the most striking difference between type-A and type-B films. Upon heat treatment the films-A invariably start becoming cloudy after 500°C though they are quite transparent before that temperature and yield transmission curves more or less similar to the type-B films. The dark regions in the micrograph of type-A film in Fig. 3(a) might have some deleterious effect on the optical properties. Even in the case of bulk PLT formula A consistently does not give transparent ~a m p l e s .~ Further work in this direction is underway.
The transmittance vs. wavelength pattern is therefore not reliable after 5OOC for type-A films. On the other hand type-B films give excellent transmittance curves and the transparency is always very good. However, it was found that for a given annealing temperature below 500C refractive index was higher for type-A than for type-B films.
The refractive index and the thickness calculated from the transmittance vs. wavelength curve using the envelope method are shown in Fig. 4 for bothtype-A and type-B films. The refractive index value was found to be around 1.96 for perovskite( above 500C ) type-B films.
DIELECTRIC PROPERTIES
The dielectric constant and the loss tangent values as a function of applied frequency at 1 V (or,field of 30kV!cm) for type-A and type-B films are plotted in Fig. 5 . The permittivity and the loss in general both decrease with increasing frequency. The type-B films showed higher dielectric constant as well as slightly higher dielectric loss than type-A. As is shown in the figure, at around lhlHz the dielectric permittivity as well as the loss value starts increasing rapidly with frequency. It might be due to resonance in the electrical test circuit.' It was also observed that decreasing the applied field value results in an increase in the dielectric permittivity value. The change in the value of permittivity with temperature is shown in Fig. 6 for the type-A film. The behavior for type-B was similar. 
Time DeDendent Dielectric Breakdown
The breakdown of the dielectric after a certain period of time under a fixed applied field lower than its breakdown strength is an important parameter that governs the performance of the dielectric in the memory capacitor. RT66A tester was used to measure the performance of PLT thin film with time at a fixed applied dc voltage of 20 volts. At room temperature the value of resistivity is very high and even at the voltage level as high as 20 V no breakdown was observed for more than three decades. However the same film showed much lower levels of resistivity and a sharp drop in resistivity after one and half decades when the measurement was done at 300C( Fig. 7 (a) and 7(b)) indicating the drastic impact of temperature on the performance of the memory cell. 
CONCLUSIONS
PLT thin films having 28 mol% La were fabricated successfully using metalorganic decomposition. The films were made corresponding to two different formulae; assuming A site and Bsite vacancy compensation, respectively. The dielectric permittivity was higher for type-B films. Moreover, type-A films became cloudy as the annealing temperature was increased over 500C. In other words, type-B film, which had an excess lead gave more transparent films. Therefore it can be concluded that assuming B-site vacancies results in better quality PLT films. The best dielectric permittivity value obtained at the applied voltage level of 1.OV was 1285 while the lowest loss value was 0.03.
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